Background: Measles remains a serious vaccine preventable cause of mortality in developing nations. Vietnam is aiming to achieve the level of immunity required to eliminate measles by maintaining a high coverage of routine first vaccinations in infants, routine second vaccinations at school entry and supplementary local campaigns in high-risk areas. Regular outbreaks of measles are reported, during [2005][2006][2007][2008][2009]. Methods: National measles case-based surveillance data collected during 2005-June 2009 was analyzed to assess the epidemiological trend and risk factors associated with measles outbreak in Vietnam. Results: Of the 36,282 measles suspected cases reported nationwide, only 7,086 cases were confirmed through laboratory examination. Although cyclical outbreaks occurred between 2005 and 2009, there was no definite trend in measles outbreaks during these periods. Overall, 2438 of measles confirmed cases were among children ≤5 years and 3068 cases were among people ≥16 years. The distribution with respect to gender skewed towards male (3667 cases) significant difference was not observed (P= 0.1693). Unsurprisingly, 4493 of the confirmed cases had no history of vaccination (X 2 <0.01). The northern and highland regions were identified as the main endemic foci and the spatial distribution changed with time. The occurrence of cases, in a considerable proportion of vaccinated population, is not only a reflection of the high vaccination coverage in Vietnam but also portrays a possibility of less than 100% vaccine efficacy. More so, in order to prevent measles in adults, high-risk groups must be identified and catch-up for selected groups selected. Conclusions: This study therefore reinforces the need for continued improvement of surveillance system and to probe into the possible role of changes in age-distribution of cases if the effective control of measles is to be achieved.
INTRODUCTION
Measles is an acute, highly communicable viral disease spread by respiratory secretions that may lead to serious complications such as diarrhea, otitis media, pneumonia or encephalitis [1] . Measles remains endemic wherever vaccination coverage is low and is one of the leading causes of vaccine preventable death in children worldwide [2] . Globally, the death rates from measles have declined sharply in the past dec-ades, largely as a result of intensive vaccination efforts [3, 4] . Efforts to prevent measles deaths have aligned around the United Nations' Millennium Development Goals (MDGs), which identify childhood mortality reduction as a key priority [5] . Measles Contained Vaccine (MCV) vaccination programs form a cornerstone of these efforts with ambitious targets, including universal childhood measles vaccination and 90% reductions in measles deaths from year 2000 levels (733,000 worldwide) and in 2008, there were an estimated 164,000 measles deaths, a 78% reduction compared to mortality in 2000 [5, 6] .
In Viet-Nam, there has been substantial progress in controlling measles as evident by the adoption of the regional goal set by the WHO, Western Pacific region to eliminate measles, which was defined as terminating the circulation of domestic strain in the region by 2012 [7] , yet sporadic epidemic do occur. This vividly shows the limitation of a single-dose approach in interrupting domestic circulation of the measles virus [8] , to curtail this limitation; a nationwide mass immunization campaign was conducted mainly to provide a second dose vaccine to children aged 9 months to 9 years. As a consequence of the 2002 and 2003 nationwide campaign, measles confirmed cases were clearly suppressed in 2004. However, throughout 2005 and 2006 resurgence of measles epidemic occurred [9] . Here, we describe the trend in the epidemiology of measles in Vietnam during 2005-2009 with a view to identify the associated risk factors and to proffer viable solutions to strengthen the prevention and control of measles in Vietnam more effectively.
METHODS

Study Area
Vietnam is the largest and most populous of the 3 Indochinese countries and is located along the East Coast of Indochina and borders on Cambodia and Laos in the West and the Peoples Republic of China in the North. Based on geographical features and climate, Vietnam is divided into four regions (see fig 1) . Although, the country is located in the tropics, the climate is tropical only in the central and southern Vietnam, with warm and humid weather all year round (22-35 0 C). In the north, there is a distinct winter season due to cold inland winds, usually; the winter is also the dry season for the entire country, but the rains are highly unpredictable owing to the influence of several monsoons. Vietnam covers a total land area of 329314km 2 Data on figure 3 depicts the number of confirmed measles cases distribution by age groups. The distribution of cases in increasing order are 567, 1013, 2438 and 3068 for age groups 11-15, 6-10, ≤5 and ≥16 years respectively. Figure 3 further reveals that the peak age distribution has skewed from preschool children to people over 16 years.
RESULTS
Of
From January 2005 through June 2009, it was apparent that measles confirmed cases occur all year round though, outbreak starts in December and extend to May or June of the following year with peak in The distribution of confirmed measles cases with respect to gender is shown in Figure 6 . Although, male had a higher cases (3667) than female (3419) chi square analysis showed no significant difference (P=0.1693).
Data on figure 7 presents measles vaccination status of the 7,086 confirmed cases. Interestingly, 4493 of the subjects have no history of vaccination while 2593 were vaccinated (X 2 < 0.01).
The spatial distribution map of measles from 2005 through 2009 reveals that measles epidemic occurred at different places with varied rates and a series of foci shifting in time and in space ( Figure 8 ). The epidemic mostly occurred in the Northern and highland provinces while in 2009 it spread across the entire country. [9] . More so, the resurgence in 2008 could possibly be attributed to an accumulation of susceptible (non immune persons) to a critical threshold level. This observation is not only similar to the experience in other parts of developing countries, where campaigns among children under 5 years had a limited and transient impact [11, 12] , but also further re-affirmed the reports of Duclos et al [13] and Ong et al [14] that the strategies that rely on administration of a single dose of measles vaccine are inadequate for the interruption of measles transmission.
Although, measles has traditionally been a disease affecting young children, especially those under 5 years, observation on the age group distribution depicts a shift in the age group of confirmed measles cases. 2438 cases were less than 5 years, this finding concurs with reports elsewhere for other countries [14] [15] [16] . However, the tremendously high number of cases (3068) occurring in persons over 16 years reconfirms that measles incidence in many countries may be explained by the changing epidemiology of measles following vaccination as predicted in mathematical models [17] . Our observation on the high proportion of measles cases in people over 16 years is in consonance with previous reports that pointed out an age shift in measles incidence to older susceptible [9, 12, 13, 18, 19] . In India, Kadri et al 2008 [19] reported that there is now a changing pattern in age affliction of measles; it is shifting towards the adult age groups. Their data shows an upward age shift in measles cases 55.6% of cases occurred beyond the 5th year of age, and as many as 20.88% cases were adults (>18 yrs age). Similarly, Murakami et al 2008 [9] observed that the national median age for measles cases in Vietnam shifted from 8-11 years after measles vaccination campaign. This shift in measles infection in adults is quite disturbing as it has serious consequences for children. First infected adults may not be able to work as well as caring for their children for some days. Secondly, infected adults could transmit measles virus to susceptible children. Third, susceptible mothers cannot confer protective anti-measles virus antibodies to newborn children, thus leaving them vulnerable to possible measles infection from their parents, sibling or other close contacts [20] .
The [2005] [2006] is that older children remained vulnerable because the age group targeted for vaccination was narrower (9 months to 9 years) than recommend (9 month to 14 years) [21] . Throughout 2005 and 2006, the main focus of the resurgence was in the territory comprised by the former Lai Chau Province.
In the later part of 2006, the country introduced the second routine immunization dose given at school entry with coverage greater than 98%. This resulted to the suppression of measles from 1975 confirmed cases in 2006 to only 17 confirmed cases in 2007, thus confirming the reports of Adodool-Karim et al [22] that mass measles campaigns in partially immunized communities are expected to reduce measles incidence and shift the age distribution of cases to older children. The impact of the campaigns lasted only a few months and was followed by a rapid resurgence in measles cases in 2008, suggesting a sudden and explosive reintroduction of measles virus into the country. This is not different from the experience in other developing countries, where campaign had a limited and transient impact [11] . The resurgence in measles epidemic in 2008 progressively increased and peak in May (1920 cases). Although, the reported cases gradually decreased after September, the epi-demic recurred in October of same year and produced a second higher peak of 2593 confirmed cases in December.
Vietnam has the advantage that coverage of routine first dose of measles vaccination is quite high: 98% and 94% in the north and south respectively, and in 2006, second routine immunization dose was introduced in 43 out of 64 provinces with coverage of 98% [9] . 2593 of the affected measles case had history of immunization. In spite of the reported high vaccination coverage, results from this study indicate that 4493 of the confirmed cases had no vaccination history thus confirming the suspicion of Murakami et al [9] , that the immunization campaign may have been compromised locally. Furthermore, the unvaccinated subjects may have added to the accumulation of susceptible person that provide enough hosts to sustain and promote chains of measles virus transmission.
Measles epidemics in Vietnam from 2005-2009 were consistently higher in the northern and highland provinces suggesting that these areas remain endemic foci areas. This supports the observation of Murakami et al [9] , who reported rapid resurgence of measles in the northern part of Vietnam and attributed this to the vulnerability of older children because of the age group targeted for vaccination was narrow.
Local measles outbreaks were detected as early as 2005 in the Lai Chau province and in Lao Cai province, both in the north-western mountainous region, despite the immunization campaign. This epidemic transcend into a large resurgence of measles involving 1917 confirmed cases. These Northern provinces are bordered by China and Laos suggesting an extensive impact of measles virus importation as border areas may be particularly vulnerable to importation of measles or other disease due to increased migration of people from neighboring countries.
Despite the widespread use of measles vaccine in the republic of Vietnam, secular trends and seasonal outbreaks of measles continues to occur. Several outbreaks have occurred in highly vaccinated population groups and many of these cases have been previously vaccinated.
This study depicts that the most common age groups affected during these periods 2005-2009 are ≤ 5 and ≥ 16 years respectively. To prevent future outbreaks, surveillance should be enhanced to achieve complete coverage as well as consideration of older age group to avoid accumulation of susceptible persons. In addition, measles "catch-up" mass immunization campaign should be conducted to interrupt chains of transmission and prevent outbreaks. Furthermore, in an area such as Vietnam where measles is endemic, the duration of impact of campaigns does not exceed two years, even in the best circumstances of high routine and campaign coverage, therefore, efforts should be geared to have follow-up campaigns 2-3 years later to reinforce the impact of mass campaigns. If Vietnam is aiming to achieve the level of immunity required to eliminate measles, it is therefore recommended that:
 Steps to prevent measles in adults should be highly considered, and this should include strict compliance to both first and second dose immunization among others as well as a wider age group campaign.  Border areas of Vietnam may be vulnerable to importation of measles due to high migration of people thus ensuring high levels of immunological protection among residents of border areas, and by establishing sensitive and timely disease surveillance, as well as the need to investigate the dynamics of measles transmission should be a public health priority.  Strengthening out of routine vaccination should be the cornerstone of measles control to achieve >90% coverage and it could be achieve by identifying population without access to routine vaccination and providing sustainable outreach services, coupled with adequate epidemiologic survey.
